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1
SOLID-STATE IMAGING APPARATUS

This application claims benefit of Japanese Patent Appli-
cations No. 2008-141877 filed 1in Japan on May 30, 2008 and
No. 2008-150051 filed 1n Japan on Jun. 9, 2008, the contents

of which are incorporated by these references.

BACKGROUND OF THE INVENTION

The present invention relates to solid-state imaging appa-
ratus, and more particularly to the solid-state imaging appa-
ratus using amplified MOS sensor.

In recent years, those solid-state imaging apparatus where
a solid-state 1maging device referred to as amplified MOS
sensor 1s used as the solid-state 1maging apparatus are
mounted for example on power-saving type solid-state imag-
ing apparatus for mobile-equipment or on high-resolution
clectronic still cameras. For the current solid-state 1maging
apparatus using amplified MOS sensor, methods are pro-
posed 1n which a pixel area having a plurality of pixel cells
arranged 1nto a matrix 1s selected row by row so that photo-
clectric charge 1s converted into a voltage signal and read out
through an amplification means contained 1n each pixel cell.
At this time, while a bias current 1s supplied to the amplifi-
cation means 1n each pixel cell through a column-by-column
bias means, the influence of resistance component of ground
wirings to which the bias means 1s connected 1s becoming not
1gnorable due to the continuous development to increase the
number of pixels. For example, at a pixel cell on which an
intense light (1.e. a high-luminance light) 1s mncident, an out-
put level of the pixel cell 1s significantly lowered and goes
beyond a normal operation range of the bias means whereby
the bias current does not flow any longer. This change in
clectric current at the bias means causes a bias current of other
pixel cell on the same one row to be increased through a
resistance component occurring on the ground wiring.
Because of this change in bias current, a white transverse
stripe-like 1mage 1s resulted on the pixel row that contains the
pixel cell on which the intense light 1s 1ncident.

Various methods have been proposed to reduce such white
transverse stripe. FIG. 1 1s a circuit diagram showing con-
struction of the solid-state 1maging apparatus disclosed 1n
Japanese Patent Application Laid-Open 2001-230974, being
an example of the solid-state 1maging apparatus where such
white transverse stripe 1s reduced. The solid-state imaging
apparatus shown in FIG. 1 includes: a pixel section 2 having
pixel cells 1 (Pixelll to Pixel33) that are two-dimensionally
arranged 1nto row direction and column direction (3 rows by
3 columns 1n this case); a vertical scanning section 3 for
selecting row to be read out of the pixel section 2; vertical
signal lines V1 to V3 for outputting pixel signal column by
column from the pixel section 2; a bias current section 4 for
supplying an electric current to the amplification means of the
pixel cell 1 through the vertical signal lines V1 to V3; and a
clip section 3 for causing the potential of the vertical signal
lines V1 to V3 to be clipped so that the bias current section 4
1s restricted to 1ts normal operation range.

Each of the pixel cells 1 indicated by Pixelll to Pixel33,
when Pixelll 1s taken as representative, includes: a photo-
diode PD11 serving as photoelectric conversion section; a
floating diffusion FD11 for converting electric charge accu-
mulated at the photodiode PD11 1nto a voltage; a reset tran-
sistor M211 {for resetting the floating diffusion FD11 to a
pixel power supply voltage VDD); an amplification transistor
M311 for amplitying the voltage of the floating diffusion
FD11; and a row select transistor M411 for selecting each
row. The pixel section 2 1s constructed such that the pixel cells
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2

1 are placed side by side mto 3 rows by 3 columns as
described above. The vertical scanning section 3 1s to output
reset control signals ¢ RS1 to ¢ RS3 for controlling operation
ol the reset transistors M211 to M233 and row select control
signals ¢ SEL1 to ¢ SEL3 for controlling operation of the row
select transistors M411 to M433.

The bias current section 4 includes: a bias current setting,
input transistor M40 of which the gate and drain are con-
nected to a reference current iput terminal Iref; and transis-
tors for bias current M41 to M43 of which the drain 1s con-
nected to the vertical signal line V1 to V3, the gate to the gate
of the above described bias current setting input transistor
M40, and the source to a ground line. It 1s to supply a bias
current Ibias to the amplification transistor of the pixel cells of
selected pixel row selected at the vertical scanning section 3.
The clip section 5 1ncludes: transistors for clipping M51 to
M53 of which the gate 1s connected to a clip voltage 1mput
terminal Vclip; and clip select transistors M54 to M56 of
which the gate 1s connected to a clip control signal ¢ clip. It 1s
to cause the potentials of the vertical signal lines V1 to V3 not
to fall below an output level corresponding to the clip voltage
input terminal Vclip.

An operation of the solid-state imaging apparatus shown 1n
FIG. 1 will now be described. A case 1s supposed here that a
first row from the upper side of the pixel section 2 1s selected
by the vertical scanning section 3 and that an intense light 1s
incident on the pixel Pixel21 while light 1s scarcely incident
on the pixels Pixel11 and Pixel31. Since the pixels Pixel11 and
Pixel31 in this case are in substantially the same condition,
only the operation of the pixels Pixelll and Pixel21 will be
described. At first when light 1s incident on the photodiodes
PD11 and PD21, photoelectric charges are accumulated at the
photodiodes PD11 and PD21. Since the first row from the
upper side of the pixel section 2 1s being selected by the
vertical scanming section 3, the select transistors M411 and
M421 are turned ON as the row select signal ¢ SEL1 attains
H level so that the amplification transistor M311 and the
vertical signal line V1, and the amplification transistor M321
and the vertical signal line V2 are respectively connected
whereby pixel signals of the pixels of the first row are read
out. Further, due to H level of the clip control signal ¢ clip at
the clip section 5, the clip select transistors M54 to M56 are
also turned ON so that the clip transistor M31 1s connected to
the vertical signal line V1 and the clip transistor M32 to the
vertical signal line V2, respectively. Here, the amplification
transistor M311 and the clip transistor M31 as well as the
amplification transistor M321 and the clip transistor M52
constitute a differential input construction where their
sources are connected 1n common.

In this case, when light 1s scarcely incident on the pixel
Pixelll so that a light signal potential Vsig(FD11) of the
floating diffusion FD11, 1.e. the gate potential of the amplifi-
cation transistor M311 i1s higher than the clip voltage Vclip
that 1s the gate potential of the clip transistor M31, the clip
transistor M51 1s turned OFF and an output level correspond-
ing to the light signal potential Vsig(FD11) of the floating
diffusion FD11 1s obtained on the vertical signal line V1. At
this time, the output level of the vertical signal line V1 1s an
output level with which the bias current transistor M41 oper-
ates 1n a saturation region.

In the case where an intense light 1s incident on the pixel
Pixel21 so that a light signal potential Vsig(FD21) of the
floating diffusion FD21, 1.e. the gate potential of the amplifi-
cation transistor M321 1s lower than the clip voltage Vclip
that 1s the gate potential of the clip transistor M52, on the
other hand, the amplification transistor M321 1s turned OFF.
The vertical signal line V2 then attains an output level corre-




US 8,659,682 B2

3

sponding to the clip voltage Vclip which 1s applied on the gate
of the clip transistor M52 and does not fall below [Vclip-—

VGS(MS2)]. Here, VGS(M52) 15 a gate-source voltage of the
clip transistor M52. At this time, by setting the clip voltage
Vclip to a suitable value, the bias current transistor M42
always operates 1n a saturation region so that the bias current
Ibias 1s kept at a constant level.

As the above, since the vertical signal line V2 does not fall
below an output level corresponding to the clip voltage input
terminal Vclip even when the intense light 1s incident on the
pixel Pixel21, the change in the output current Ibias of the bias
current transistor M42 1s suppressed so that the white trans-
verse stripe does not occur.

SUMMARY OF THE INVENTION

In a first aspect of the 1nvention, there 1s provided a solid-
state 1maging apparatus including: a pixel section having
pixels two-dimensionally arranged into rows and columns
cach pixel containing a photoelectric conversion means, an
amplification means for amplifying and outputting as pixel
signal a signal electric charge of the photoelectric conversion
means, and a reset means for resetting signal electric charges
accumulated at the amplification means; a vertical scanning
section for selecting a row to be read out of the pixel section;
a vertical signal line provided column by column for output-
ting the signal from the pixel section; and a sample-and-hold
type bias section connected to the vertical signal line contain-
ing at least a hold means for setting an electric current flowing
into the amplification means. The sample-and-hold type bias
section causes to generate an electric current corresponding
to a voltage set at the hold means when signal electric charges
accumulated at the photoelectric conversion means 1s read out
from the amplification means.

In a second aspect of the mnvention, the hold means of the
sample-and-hold type bias section 1n the solid-state imaging
apparatus according to the first aspect has a capacitor means.

In a third aspect of the invention, the sample-and-hold type
bias section 1n the solid-state imaging apparatus according to
the second aspect icludes: a first reference voltage; a sam-
pling means having a first terminal connected to the first
reference voltage; the capacitor means having a first terminal
connected to a second terminal of the sampling means; and a
transistor having a gate connected to the first terminal of the
capacitor means, a source connected to a second reference
voltage, and a drain serving as a bias current output terminal.
A second terminal of the capacitor means 1s connected to the
source ol the transistor or to the second reference voltage, and
when the signal electric charges accumulated at the photo-
clectric conversion means 1s read out from the amplification
means, a drain current of the transistor 1s determined 1n accor-
dance with a potential difference between the first and second
terminals of the capacitor means.

In a fourth aspect of the imvention, the sample-and-hold
type bias section 1n the solid-state imaging apparatus accord-
ing to the second aspect includes: a first reference voltage; a
sampling means having a first terminal connected to the first
reference voltage; the capacitor means having a first terminal
connected to a second terminal of the sampling means; and a
transistor having a gate connected to the first terminal of the
capacitor means, a source connected through a resistor means
to a second reference voltage, and a drain serving as a bias
current output terminal. A second terminal of the capacitor
means 1s connected to a vicinity of connecting point between
the resistor means and the second reference voltage, and
when the signal electric charges accumulated at the photo-
clectric conversion means 1s read out from the amplification

10

15

20

25

30

35

40

45

50

55

60

65

4

means, a drain current of the transistor 1s determined 1n accor-
dance with a potential difference between the first and second
terminals of the capacitor means.

In a fifth aspect of the mvention, the sample-and-hold type
bias section 1n the solid-state imaging apparatus according to
the third or fourth aspect effects a sampling operation con-
necting between the first reference voltage and the capacitor
means by the sampling means every time when the row to be
read out changes.

In a sixth aspect of the invention, the sample-and-hold type
bias section 1n the solid-state imaging apparatus according to
any one ol the third to fifth aspects ends a sampling operation
connecting between the first reference voltage and the capaci-
tor means by the sampling means after resetting of the signal
clectric charges mputted to the amplification means 1s ended.

In a seventh aspect of the invention, the sample-and-hold
type bias section 1n the solid-state imaging apparatus accord-
ing to the third or fourth aspect effects a sampling operation
connecting between the first reference voltage and the capaci-
tor means by the sampling means when a read operation of a
plurality of rows 1s ended.

In an eighth aspect of the invention, there 1s provided a
solid-state imaging apparatus including: a pixel section hav-
ing pixels two-dimensionally arranged into rows and columns
cach pixel containing a photoelectric conversion means, an
amplification means for amplifying and outputting as pixel
signal a signal electric charge of the photoelectric conversion
means, and a reset means for resetting signal electric charges
accumulated at the amplification means; a vertical scanning
section for selecting a row to be read out of the pixel section;
a vertical signal line provided column by column for output-
ting the signal from the pixel section; and a DMOS type bias
section connected to the vertical signal line having DMOS
(depletion type MOS) transistor for setting a bias current
flowing into the amplification means. The DMOS type bias
section sets the bias current for the amplification means to be
smaller than a bias current at the time of resetting the ampli-
fication means when reading from the amplification means
the signal electric charges accumulated at the photoelectric
conversion means.

In a ninth aspect of the mvention, the DMOS type bias
section 1n the solid-state 1maging apparatus according to the
eighth aspect has a switch means for switching a connecting
point of the gate of the DMOS transistor to a first reference
voltage or to a source side wiring of the DMOS transistor so
as to change the connecting point of the gate of the DMOS
transistor from the first reference voltage to the source side
wiring with using the switch means after resetting of the
signal electric charges inputted to the amplification means 1s
ended so that the bias current for the amplification means 1s
smaller when the gate of the DMOS transistor 1s connected to
the source side wiring.

In a tenth aspect of the mvention, the DMOS type bias
section 1n the solid-state 1maging apparatus according to the
eighth aspect has a plurality of parallel-connected DMOS
transistors respectively connected at gates and source side

wrings to each of the vertical signal lines so that the number
ol connected ones of the DMOS transistors 1s reduced after
resetting of signal electric charges mputted to the amplifica-
tion means 1s ended.

In an eleventh aspect of the invention, the DMOS type bias
section 1n the solid-state imaging apparatus according to any
one of the eighth to tenth aspects further includes a second
switch means for controlling a connection to each of the
vertical signal lines so as to OFF a bias current in periods
where 1t 1s unnecessary.
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BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a circuit diagram showing construction of a prior-
art solid-state 1maging apparatus.

FI1G. 2. 1s ablock diagram schematically showing construc-
tion of a first embodiment of the solid-state imaging appara-
tus according to the invention.

FIG. 3 1s a circuit diagram showing construction of a por-
tion corresponding to the pixel section, the vertical scanming,
section, the sample-and-hold type bias section and the verti-
cal signal line 1n the first embodiment shown in FIG. 2.

FI1G. 4 1s a drive timing chart for explaining operation of the
first embodiment.

FIG. 5 15 a circuit diagram showing a modification of the

sample-and-hold type bias section in the first embodiment
shown 1n FIG. 3.

FIGS. 6A and 6B each 1s a drive timing chart showing
another example of sampling operation at the sample-and-
hold type bias section in the first embodiment.

FIG. 7 1s a circuit diagram showing construction of the
sample-and-hold type bias section in a second embodiment.

FIG. 8 1s a circuit diagram showing a modification of the
sample-and-hold type bias section in the second embodiment
shown 1n FIG. 7.

FIG. 9 1s a circuit diagram showing construction of a third
embodiment.

FI1G. 10 1s a drive timing chart for explaining operation of
the third embodiment.

FIGS. 11A and 11B each 1s a drive timing chart showing
another example of sampling operation of the sample-and-
hold type bias section in the third embodiment.

FIG. 12 1s a drive timing chart for explaining operation of
the solid-state 1maging apparatus according to a fourth
embodiment.

FIG. 13 1s a block diagram schematically showing con-
struction of a fifth embodiment of the solid-state 1maging
apparatus according to the invention.

FIG. 14 1s a circuit diagram showing construction of a
portion corresponding to the pixel section, the vertical scan-
ning section, the DMOS type bias section, and the vertical
signal line 1n the fifth embodiment shown 1n FIG. 13.

FI1G. 15 15 a drive timing chart for explaining operation of
the fifth embodiment.

FIGS. 16A and 16B each 1s a circuit diagram showing a
modification of the DMOS type bias section in the fifth
embodiment shown 1n FIG. 14.

FIGS. 17A and 17B show a circuit diagram showing con-
struction of the DMOS type bias section 1n a sixth embodi-
ment and a drive timing chart for explaining its operation.

FIG. 18 1s a circuit diagram showing construction of a
seventh embodiment.

FI1G. 19 15 a drive timing chart for explaining operation of
the seventh embodiment shown 1n FIG. 18.

FIGS. 20A and 20B show a circuit diagram showing con-
struction of the DMOS type bias section in an eighth embodi-
ment and a drive timing chart for explaining 1ts operation.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Some embodiments of the solid-state 1imaging apparatus
according to the imvention will be described below with ret-
erence to the drawings.

Embodiment 1

A first embodiment of the solid-state 1imaging apparatus
using an amplified MOS sensor according to the mnvention
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will now be described with reference to the drawings. FIG. 2
1s a block diagram schematically showing construction of the
solid-state 1maging apparatus using amplified MOS sensor
according to the first embodiment. The solid-state 1maging
apparatus according to this embodiment includes: a pixel
section 2 having pixel cells 1 two-dimensionally arranged
into rows and columns; a vertical scanning section 3 for
selecting row to be read out of the pixel section 2; vertical
signal lines V1 to Vn for outputting pixel signal by the unit of
column from the pixel section 2; a sample-and-hold type bias
section 9 connected to the vertical signal lines V1 to Vn for
supplying a bias current to the pixel section 2; a noise sup-
pressing section 6 for suppressing a noise of the pixel signals
outputted onto the vertical signal lines V1 to Vn; a horizontal
scanning section 7 for selecting a column to be read out of the
noise suppressing section 6; a horizontal signal line 8 for
outputting a signal of the noise suppressing section 6; and a
control section 12 for controlling the vertical scanning sec-
tion 3, the sample-and-hold type bias section 9, the noise
suppressing section 6, and the horizontal scanning section 7.

FIG. 3 1s a circuit diagram specifically showing a construc-
tion of the pixel section 2, the vertical scanning section 3, the
sample-and-hold type bias section 9, and the vertical signal
lines V1 to V3 in the first embodiment shown 1n the block
diagram of FIG. 2. Like components as those 1n the prior-art
example shown 1n FIG. 1 are denoted by like reference sym-
bols. The portion of the circuit construction shown 1n FIG. 3
includes: a pixel section 2 where pixel cells 1 are disposed
into rows and columns so as to result a 3-row by 3-column
arrangement; a vertical scanning section 3 for selecting row to
be read out o the pixel section 2; vertical signal lines V1to V3
for outputting pixel signals by the unit of column from the
pixel section 2; and the sample-and-hold type bias section 9
connected to the vertical signal lines V1 to V3 for supplying
a bias current to the pixel section 2.

The construction of the pixel cell 1, the pixel section 2, and
the vertical scanning section 3 1s similar to the prior-art
example shown 1n FIG. 1 and will not be described. The
sample-and-hold type bias section 9 includes: a reference
current input terminal Iref; a current setting input transistor
M40 having gate and drain connected to each other; transis-
tors for bias current M41 to M43 hold capacitors C41 to C43
connected between the gate and the source of the bias current
transistors M41 to M43; and sampling transistors M44 to
M46 for setting a bias setting voltage Vbias on the hold
capacitors C41 to C43. The operation of the sampling tran-
sistors Md44 to M46 1s eflected by a bias sampling control
signal ¢ CTL.

FIG. 4 schematically shows a drive timing of the first
embodiment when the sample-and-hold type bias section 9
shown 1 FIG. 3 1s used. The operation will be described
below of a case where a first pixel row from the upper side of
the pixel section 2 1s selected by the vertical scanning section
3, and an intense light 1s incident only on the pixel Pixel2l
while light 1s scarcely incident on the pixels Pixelll and
Pixel3l. Since, in this case, the conditions of the pixels
Pixelll and Pixel31 are substantially the same, the operation
of the pixels Pixell1 and Pixel21 will be described. Initially,
light s1ignal outputs accumulated at the photodiodes PDD11 and
P12 of the pixels Pixell1 and Pixel21 are obtained. At first,
by bringing to L level the bias sampling control signal ¢ CTL
which has previously been set at H level, the sampling tran-
sistors Md44 and M45 are turned OFF to thereby hold the bias
setting voltage Vbias at the hold capacitors C41 and C42. A
bias current Ibias is thereby generated corresponding to the
voltage difference between the two ends of the hold capaci-
tors C41 and C42 which 1s connected between the gate and
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source of the bias current transistors M41 and M42. Subse-
quently, the row select transistors M411 and M421 are turned
ON by driving the row select control signal ¢ SEL1 to H level
so as to connect the first row pixels Pixelll and Pixel21
respectively to the vertical signal lines V1 and V2.

A light signal potential Vsig(FD11) of the floating diffu-
sion FD11 of the pixel Pixelll on which the light 1s hardly
incident attains a pixel power supply potential VDD that 1s a
reset level. Accordingly, a light signal potential Vsig(V1) on
the vertical signal line V1 1s obtained as 1n the following
equation (1).

Vsig(V1)=Vsig(FD11)-VGS(M311)=VDD-VGS

(M311) (1)

where VGS(M311) 1s a gate-source voltage of the amplifica-
tion transistor M311 when a bias current Ibias tlows into the
amplification transistor M311.

A significant potential change A V occurs, on the other
hand, of a light signal potential Vsig(FD21) of the floating
diffusion FD21 of the pixel Pixel21 on which the intense light
1s incident, and 1ts potential Vsig(FID21) falls substantially to
a ground level. For this reason, the amplification transistor
M321 1s turned OFF and, as shown 1n the following equation
(2), a light signal potential Vsig(V2) onthe vertical signal line
V2 attains the ground level.

Vsig(V2)=0 (2)

Since the bias current transistor Md42 i1s thereby turned
OFF, a current value flowing onto a ground wiring to which
the source of the bias current transistor M41 1s connected
changes. A source potential of the bias current transistor M41
1s then also changed due to the effect of resistance component
that occurs on the ground wiring. The bias current Ibias of the
bias current transistor M41 however 1s not affected by the
change in the source potential, since 1t 1s determined by the
potential difference between the two ends of the hold capaci-
tor C41 which 1s connected between 1ts source and gate. In
other words, since the gate-side potential of the hold capacitor
C41 changes 1n accordance with change in the source-side
potential, the voltage difference between the two ends or the
source-side terminal and the gate-side terminal of the hold
capacitor C41 attains a constant value. For this reason, the
light signal potential Vsig(V1) on the vertical signal line V1
of the pixel Pixell1 on which light 1s hardly incident does not
change even when the intense light 1s incident on the pixel
Pixel21. At this time, the light signal potentials Vsig(V1) and
Vsi1g(V2) on the vertical signal lines V1 and V2 are respec-
tively temporarily stored at the noise suppressing section 6.

Next, reset outputs at the time of resetting accumulated
clectric charges at the photodiodes PD11 and PD12 are
obtained from the pixels Pixelll and Pixel21. At first, in the
condition where the first row pixels Pixelll and Pixel21 are
respectively connected to the vertical signal lines V1 and V2
with maintaining the row select control signal ¢ SEL1 at H
level, the reset signal ¢ RS1 1s driven to H level to turn ON the
reset transistors M211 and M221. The electric charges accu-
mulated at the photodiodes PD11 and PD21 are thereby reset
and at the same time the floating diffusions FD11 and FD21
are reset to the pixel power supply voltage VDD.

Subsequently, the reset transistors M211 and M221 are
turned OFF by returning the reset signal ¢ RS1 to L level so as
to bring the floating diffusions FD11 and FD21 into high
impedance state. At this time, of the pixel Pixell1 where light
1s hardly incident and of the pixel Pixel21 where the intense
light 1s 1ncident, the reset signal potentials Vres(FD11) and
Vres(FD21) of the floating diffusions FD11 and FD21 both

attain the pixel power supply potential VDD. Accordingly, the
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reset signal potentials Vres(V1) and Vres(V2) on the vertical
signal lines V1 and V2 are respectively obtained as in the
following equations (3), (4).

Vies(V1)=Vres(FD11)-VGS(M311)=VDD-VGS

(M311) (3)

Vies(V2)=Vres(FD21)-VGS(M321)=VDD-VGS

(M321) (4)

where VGS(M321) 1s a gate-source voltage of the amplifica-
tion transistor M321 when the bias current Ibias tlows into the
amplification transistor M321. These reset signal potentials
Vres(V1)and Vres(V2) on the vertical signal lines V1 and V2
are respectively subjected to differential processing with light
signal potentials at the noise suppressing section 6 so that
difference signal outputs Vsub(V1) and Vsub(V2) corre-
sponding to incident light are respectively obtained as 1n the
following equations (5), (6).

Vsub(V1)=Vres(V1)-Vsig(V1)=0 (5)

Vsub(V2)=Vres(V2)-Vsig(V2)=VDD-VGS(M321) (6)

As 1s apparent from equation (5), even when an intense
light 1s incident on the pixel Pixel21 so that an output level on
the vertical signal line V2 attains that of the ground, an occur-
rence of the white transverse stripe can be suppressed because
the bias current o the bias current transistor M41 1s a constant
value Ibias. Subsequently, the row select transistors M411
and M421 are turned OFF by bringing the row select control
signal ¢ SELL to L level so as to disconnect the first row pixels
Pixelll and Pixel21 respectively from the vertical signal lines
V1and V2. At the same time, the bias sampling control signal
¢ CTL 1s drniven to H level so as to make the bias setting
voltage Vbias be sampled again at the hold capacitors C41
and C42.

Thus with the present embodiment, even when an output
level of the vertical signal line of a pixel column on which an
intense light 1s incident attains a ground level, an occurrence
of the white transverse stripe can be suppressed because the
bias current of the other pixel columns does not change. In
addition, since the output level of the vertical signal line can
be lowered to the ground level, 1t 15 also possible to meet a
lowering 1n voltage of the pixel power supply voltage VDD.

It 1s to be noted that various modifications of the present
embodiment are possible. For example, a cascode type circuit
as shown 1n Fig.5 can also be used as the sample-and-hold
type bias section 9. In the modification shown 1n Fig.5, tran-
sistors for cascode M47 to M49 having gate connected to the
reference voltage mput terminal Vrel are connected to the
drain side of the bias current transistors M41 to M43 in the
sample-and-hold type bias section 9 shown i Fig.3. The bias
current Ibias 1s then supplied onto the vertical signal lines V1
to V3 through the cascade transistors M47 to M49. An output
resistance from the drain side of the cascode transistor M47 to
M49 1s thereby increased so that a constant current charac-
teristic of the bias current Ibias 1s improved. Further 1n the
present embodiment, as shown in atiming chartof Fig.6 A, the
sampling operation by the bias sampling control signal ¢ CTL
at the sample-and-hold bias section 9 may be effected 1n a
period outside that of light signal output. Furthermore, as
shown 1n a timing chart of Fig.63, 1t 1s also possible that one
sampling operation at the sample-and-hold type bias section
9 be effected when a plurality of rows are read out.

Embodiment 2

A second embodiment of the invention will now be
described. FIG. 7 shows the construction of a main portion 1n
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the solid-state imaging apparatus using amplified MOS sen-
sor according to the second embodiment where connecting

points ol the hold capacitors C41 to C43 contained in the
sample-and-hold type bias section 9 1n the first embodiment
are changed. In particular, with the sample-and-hold type bias
section 9 of the present embodiment, one end of the hold
capacitor C41 to C43 1s respectively connected to the gate of
the bias current transistor M41 to M43, and the other end of
the hold capacitor C41 to C43 1s connected to the vicinity of
a ground wiring 1into which the bias current Ibias of the bias
current transistor M41 to M43 1s caused to flow.

Although an explanation of operation of the present
embodiment 1s omitted as 1t 1s similar to the first embodiment,
similar advantages are obtained. It 1s to be noted that various
modifications are possible of the present embodiment. For
example, a bias circuit using source resistance as shown 1n
FIG. 8 may be used as the sample-and-hold type bias section
9. In the sample-and-hold type bias section 9 shown in FI1G. 8,
a source resistance R40 1s connected to the source side of the
bias current setting input transistor M40, and source resis-
tances R41 to R43 are respectively connected to the source
side of the bias current transistors M41 to M43. An output
resistance as seen from the drain of the bias current transistor
M41 to M43 1s thereby increased so that a constant current
characteristic of the bias current Ibias 1s improved. Similar
advantages are obtained also with such a bias circuit having
source resistance.

Thus with the present embodiment, even when an output
level of the vertical signal line of a pixel column on which an
intense light 1s incident attains a ground level, an occurrence
of the white transverse stripe can be suppressed because the
bias current of the other pixel columns does not change. In
addition, since the output level of the vertical signal line can
be lowered to the ground level, 1t 1s also possible to meet a
lowering 1n voltage of the pixel power supply voltage VDD.
Furthermore, it 1s applicable to a greater number of types of
bias circuits.

Embodiment 3

A third embodiment of the invention will now be
described. FIG. 9 1s a circuit diagram showing construction of
the solid-state imaging apparatus using amplified MOS sen-
sor according to the third embodiment where the construction
of the pixel cell and the vertical scanning section 1n the first
embodiment 1s changed. In the circuit diagram shown 1n FIG.
9, like components as 1n the first embodiment shown 1n FIG.
3 are denoted by like reference symbols. A pixel cell 10 1n this
embodiment includes: a photodiode PD11 that1s a photoelec-
tric conversion section; a tloating diffusion FD11 for convert-
ing electric charges accumulated at the photodiode PD11 into
a voltage; a transfer transistor M111 for transierring electric
charges from the photodiode PD11 to the floating diffusion
FD11; a reset transistor M211 for resetting the tloating ditiu-
sion FD11; an amplification transistor M311 for amplifying
the voltage of the floating diffusion FD11; and a row select
transistor M411 for selecting the pixel cells of each row.

The pixel section 2 1n this case 1s constructed by arranging,
the pixel cells 10 mto 3 rows by 3 columns. The vertical
scanning section 11 outputs: transier control signals ¢ TX1 to
¢ TX3 for controlling operation of the transfer transistors
M111 to M133; reset control signals ¢ RS1 to ¢ RS3 for
controlling operation of the reset transistors M211 to M233;
and row select control signals ¢ SELL to ¢ SEL3 for control-
ling operation of the row select transistors M411 to M433.

FIG. 10 schematically shows drive timing for explaining
operation of the sample-and-hold type bias section 9. Shown
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here 1s the operation of a case where a first pixel row from the
upper side of the pixel section 2 1s selected by the vertical
scanning section 11, and an itense light 1s incident only on
the pixel Pixel21 while light 1s scarcely incident on the pixels
Pixelll and Pixel31. Since the conditions of the pixels
Pixelll and Pixel31 are substantially the same, the operation
of the pixels Pixelll and Pixel21 will be described.

Initially, reset outputs at the time of resetting the floating
diffusions FD11 and FD21 are obtained from the pixels
Pixelll and Pixel2l. At first, by bringing to L level the bias
sampling control signal ¢ CTL which has previously been set
at H level, the sampling transistors M44 and M45 are turned
OFF to thereby hold the bias setting voltage Vbias at the hold
capacitors C41 to C42. Thereby, bias currents Ibias are
respectively generated corresponding to the voltage ditfer-
ences between the two ends of the hold capacitors C41 and
(C42 which are connected between the gate and source of the
bias current transistors M41 and M42. Subsequently, the row
select transistors M411 and M412 are turned ON by driving
the row select control signal ¢ SELL1 to H level so as to
connect the first row pixels Pixelll and Pixel21 respectively
to the vertical signal lines V1 and V2. The reset transistors
M211 and M221 are then turned ON by driving the reset
signal ¢ RS1 to H level to thereby reset the tloating diffusions
FD11 and FD21 to the pixel power supply voltage VDD.

Subsequently, the reset transistors M211 and M221 are
turned OFF by returning the reset signal ¢ RS1 to L level so as
to bring the floating diffusions FD11 and FD21 into high
impedance state. At this time, of the pixel Pixell1 where light
1s scarcely incident and of the pixel Pixel21 where an intense
light 1s 1ncident, the reset signal potentials Vres(FD11) and
Vres(FD21) of the floating diffusions FD11 and FD21 both
attain the pixel power supply potential VDD. Accordingly, the
reset signal potentials Vres(V1) and Vres(V2) on the vertical
signal lines V1 and V2 are respectively obtained as 1n the
following equations (7) (8).

Vies(V1)=Vres(FD11)-VGS(M311)=VDD-VGS

(M311) (7)

Vies(V2)=Vres(FD21)-VGS(M321)=VDD-VGS

(M321) (8)

Here, VGS(M311) 1s a gate-source voltage of the amplifi-
cation transistor M311 when the bias current Ibias flows into
the amplification transistor M311 and VGS(M321) 15 a gate-
source voltage of the amplification transistor M321 when the
bias current Ibias flows into the amplification transistor
M321. At this time, the reset signal potentials Vres(V1) and
Vres(V2) on the vertical signal lines V1 and V2 are tempo-
rarily stored at the noise suppressing section 6.

Next, light signal outputs accumulated respectively at the
photodiodes PD11 and PD12 of the pixels Pixelll and
Pixel21 are obtained. At first, in the condition where the first
row pixels Pixelll and Pixel21 are connected respectively to
the vertical signal lines V1 and V2 with continuing H level of
the row select control signal ¢ SEL1, the transier transistors
M111 and M121 are turned ON by drwlng the transfer control
signal ¢ TX1 to H level to thereby transfer electric charges
accumulated at the photodiodes PD11 and PD12 to the float-
ing diffusions FD11 and FD21. Subsequently, the transfer
transistors M111 and M121 are turned OFF by bringing the
transier control signal ¢ TX1 back to L level. At this time,
since L level of the bias sampling signal ¢ CTL 1s continued,
the bias current transistors M41 and M42 continue to generate
the bias current Ibias.

A light signal potential Vsig(FD11) at the floating difiu-
sion FD11 of the pixel Pixelll on which light 1s scarcely
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incident attains a pixel power supply potential VDD that 1s a
reset level. Accordingly, a light signal potential Vsig(V1) on
the vertical signal line V1 1s obtained as 1n the following
equation (9).

Vsig(V1)=Vsig(FD11)-VGS(M311)=VDD-VGS

(M311) (9)

where VGS(M311) 1s a gate-source voltage of the amplifica-
tion transistor M311 when a bias current Ibias tlows into the
amplification transistor M311.

A significant potential change AV occurs and 1t falls sub-
stantially to a ground level, on the other hand, of a light signal
potential Vsig(FD21) at the floating diflfusion FD21 of the
pixel Pixel21 on which the intense light 1s mncident. For this
reason, the amplification transistor M321 1s turned OFF and,
as shown 1n the following equation (10), a light signal poten-
t1al Vsig(V2) on the vertical signal line V2 attains the ground
level.

Vsig(V2)-0 (10)

Since the bias current transistor M42 1s thereby turned
OFF, a current value flowing onto a ground wiring to which
the source of the bias current transistor M41 1s connected
changes. A source potential of the bias current transistor M41
1s then also changed due to the effect of resistance component
that occurs on the ground wiring. The bias current Ibias of the
bias current transistor M41 however 1s not affected by the
change in the source potential, since 1t 1s determined by the
potential difference between the two ends of the hold capaci-
tor C41 which 1s connected between 1ts source and gate. In
other words, since the gate-side potential of the hold capacitor
C41 changes 1n accordance with change 1n the source-side
potential, the voltage difference between the two ends or the
source-side terminal and the gate-side terminal of the hold
capacitor C41 attains a constant value. For this reason, the
light signal potential Vsig(V1) on the vertical signal line V1
of the pixel Pixell1 on which light 1s hardly incident does not

change even when the intense light 1s incident on the pixel
Pixel21.

These light signal potentials Vsig(V1) and Vsig(V2) on the
vertical signal lines V1 and V2 are respectively subjected to
differential processing with reset potentials at the noise sup-
pressing section 6 so that difference signals Vsub(V1) and
Vsub(V2) corresponding to incident light are obtained as
shown 1n the following equations (11) (12).

Vsub(V1)=Vsig(V1)-Vres(V1)=0 (11)

Vsub(V2)=Vsig(V2)-Vres(V2)=—[VDD-VGS(M321)] (12)

As 1s apparent from equation (11), even when an 1ntense
light 1s incident on the pixel Pixel21 so that the vertical signal
line V2 becomes the ground level, an occurrence of the white
transverse stripe can be suppressed because the bias current of
the bias current transistor M41 1s a constant value Ibias.
Subsequently, the row select transistors M411 and M421 are
turned OFF by bringing the row select control signal ¢ SEL1
to L level so as to disconnect the first row pixels Pixelll and
Pixel21 respectively from the vertical signal lines V1 and V2.
At the same time, the bias sampling control signal ¢ CTL 1s
driven to H level so as to make the bias setting voltage Vbias
be sampled again at the hold capacitors C41 and C42.

Thus with the present embodiment, even when a vertical
signal line of pixel column on which an i1ntense light 1s 1nci-
dent attains a ground level, an occurrence of the white trans-
verse stripe can be suppressed because the bias current of the
other pixel columns does not change. In addition, since the
output level of the vertical signal line can be lowered to the
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ground level, 1t 1s also possible to meet a lowering in voltage
of the pixel power supply voltage VDD.

It 1s to be noted that various modifications of the present
embodiment are possible. For example, those modifications
of the first embodiment as shown in FIG. 5 and 1n FIGS. 7 and
8 or the construction shown 1n the second embodiment may
be used as the sample-and-hold type bias section 9. Further in
the present embodiment, an end timing of the sampling opera-
tion at the sample-and-hold type bias section 9 may be
changed from the timing shown in FIG. 10 as far as 1t 1s belfore
the outputting of light signal. For example as shown 1n a
timing chart of FIG. 11A, it 1s also possible to continue the
sampling operation of the sample-and-hold type bias section
9 until immediately before a start of transier operation by the
transfer transistor. Furthermore as shown in FIG. 11B, 1t 1s
also possible that one sampling operation at the sample-and-
hold type bias section 9 be performed when a plurality ofrows
are read out.

Embodiment 4

A fourth embodiment of the imvention will now be
described. The construction 1tself of the solid-state 1maging
apparatus using amplified MOS sensor according to the
fourth embodiment 1s identical to the third embodiment
shown 1 FIG. 9. FIG. 12 1s a timing chart for explaining
operation of the solid-state 1imaging apparatus according to
the present embodiment. In the operation of the present
embodiment as compared to the operation of the third
embodiment, a bias current Ibias (¢ CTL: L level) flowing
into the bias current transistor M41 to M43 in the hold period
where the bias sampling control signal ¢ CTL 1s at L level 1s
set so that1t1s smaller, and the operation timing at the sample-
and-hold type bias section 9 1s changed. FIG. 12 schemati-
cally shows drive timing when the sample-and-hold type bias
section 9 1s used in the present embodiment. Shown here 1s the
operation of a case where a first pixel row from the upper side
of the pixel section 2 1s selected by the vertical scanning
section 11, and an intense light 1s incident only on the pixel
Pixel21 while light 1s scarcely incident on the pixels Pixelll
and Pixel31. Since the conditions of the pixels Pixelll and
Pixel31 1n this case are substantially the same, the operation
of the pixels Pixelll and Pixel21 will be described.

Initially, reset outputs at the time of resetting the floating
diffusions FD11 and FD21 are obtained from the pixels
Pixelll and Pixel21. At first, the row select control signal ¢
SELL 1s driven to H level so as to connect the first row pixels
Pixelll and Pixel21 respectively to the vertical signal lines
V1 and V2. Now, the sampling transistors M44 and M43 are
turned ON by driving the bias sampling control signal ¢ CTL
to H level so as to sample the bias setting voltage Vbias to the
hold capacitors C41 and C42. At this time, the bias current
transistors M41 and M42 respectively generate a bias current
Ibias. In this condition, the reset transistors M211 and M221
are turned ON by driving the reset signal ¢ RS1 to H level so
as to reset the floating diffusions FD11 and FD21 respectively
to the pixel power supply voltage VDD.

Subsequently, the reset transistors M211 and M221 are
turned OFF by returning the reset signal ¢ RS1 to L level so as
to bring the floating diffusions FD11 and FD21 into high
impedance state. The sampling transistors M44 and M45 are
then turned OFF by bringing the bias sampling control signal
¢ CTL to L level so as to hold the bias setting voltage Vbias to
the hold capacitors C41 and C42. Due to a feed-through
occurring when the bias sampling control signal ¢ CTL
applied on the gate of the sampling transistor M44 and M45 1s
switched from H level to L level, however, the gate-side
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potential of the hold capacitor C41 and C42 1s lowered so that
a change 1n bias current A Ibias occurs. A bias current value
Ibias (¢ CTL: L level) generated at the bias current transistors
M41 and M42 1s obtained as 1n the following equation (13)

Ibias(¢p CTL:L)=Ibias—A Ibias (13)

When the bias current flowing into the amplification tran-
sistors M311 and M321 is changed by A Ibias, the gate-source
voltages VGS(M311) and VGS(M321) of the amplification
transistors M311 and M321 are respectively reduced by A
VGS(M311) and A VGS(M321) whereby the vertical signal
lines V1 and V2 are increased respectively by A VGS(M311)
and A VGS(M321). At this time, the floating diffusion FD11

in 1ts high-impedance state 1s capacity-coupled to the vertical
signal line V1 by the gate-source capacitance CGS(M311) of
the amplification transistor M311. Due to the increase A
VGS(M311) on the vertical signal line V1, the reset potential
Vres(FD11) of the floating diffusion FD11 1s obtained as in
the following equations (14), (15).

Vies(FD11)=VDD+AVGS(M311)x{(CGS(M311))/(C

(FD11))} (14)

C(FD11)=CGSM11 D)+CIMIID+CGSM211)+CJT

(M211)+CGDM311)+CGS(M311) (15)

Where C(FD11) 1s a total of the capacitance components
occurring at the floating diffusion FD11: CGS(M111) 1s a
gate-source capacitance of the transfer transistor M111;
CIJ(M111) a source junction capacitance of the transier tran-

sistor M111; CGS(M211) a gate-source capacitance of the
reset transistor M211: CJ(M211) a source junction capaci-
tance of the reset transistor M211; and CGD(M311) a gate-
drain capacitance of the amplification transistor M311.

Further, the floating diffusion FD21 1s capacity-coupled to
the vertical signal line V2 by the gate-source capacitance
CGS(M321) of the amplification transistor M321.

Due to the increase A VGS(M321) on the vertical signal
line V2, the reset potential Vres(FID21) of the floating difiu-

sion FD21 1s obtained as in the following equations (16), (17).

Vies(FD21)=VDD+A VGS(M321)x{(CGS(M321))/(C

(FD21))} (16)

C(FD21)=CGS(M121)+CIM121)+CGS(M221)+CJT

(M221)+CGD(M321)+CGS(M321) (17)

Here, C(FD21) 1s a total of the capacitance components
occurring at the floating diffusion FD21: CGS(M121) 1s a

gate-source capacitance ol the transfer transistor M121;
CJ(M121) a source junction capacitance of the transier tran-
sistor M121; CGS(M221) a gate-source capacitance of the
reset transistor M221: CJ(M221) a source junction capaci-
tance of the reset transistor M221; and CGD(M321) a gate-

drain capacitance of the amplification transistor M321.

Accordingly, the reset signal potentials Vres(V1) and Vres
(V2) on the vertical signal lines V1 and V2 corresponding to
the pixel Pixelll on which light 1s scarcely incident and the
pixel pixel21l on which the intense light 1s incident are
obtained as 1n the following equations (18), (19).

Vres(V1) = Vres(FD11) = VGS(M311) + AVGS(M311)
= VDD - VGS(M311) + AVGS(M311) +
AVGS(M311) x{CGS(M311)/ C(FD11)}

(18)
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-continued
Vies(V2) = Vies(FD21) — VGS(M321) + AVGS(M321)

— VDD — VGS(M321) + AVGS(M321) +
AVGS(M321) x {CGS(M321) ) C(FD21)}

(19)

Here: VGS(M311) 1s a gate-source voltage of the amplifi-
cation transistor 311 when the bias current Ibias tlows 1nto the
amplification transistor M311; and VGS(M321) 1s a gate-
source voltage of the amplification transistor M321 when the
bias current Ibias flows into the amplification transistor
M321. At this time, the reset signal potentials Vres(V1) and
Vres(V2) on the vertical signal lines V1 and V2 are tempo-
rarily stored at the noise suppressing section 6.

Next, light signal outputs accumulated at the photodiodes
PD11 and PD12 of the pixels Pixelll and Pixel21 are
obtained. At first, in the condition where the first row pixels
Pixelll and Pixel21 are respectively connected to the vertical
signal lines V1 and V2 with continuing H level of the row
select control signal ¢ SEL1, the transier control signal ¢ TX1
1s driven to H level. The transfer transistors M111 and M121
are thereby turned ON so that the electric charges accumu-
lated at the photodiodes PD11 and PD12 are respectively
transierred to the floating diffusions FDD11 and FD21. Subse-
quently, the transfer transistors M111 and M121 are turned
OFF by bringing the transfer control signal ¢ TX1 back to L
level. At this time, since L level of the bias sampling signal ¢
CTL 1s continued, the bias current transistors M41 and M42
continue to generate the bias current Ibias (¢ CTL: L level).
The light signal potential Vsig(FD11) of the tloating diffusion
FD11 of the pixel Pixelll on which light 1s scarcely incident
1s obtained as 1n the above equation (18) that is a reset level.

A significant potential change A V occurs and 1t falls sub-
stantially to a ground level, on the other hand, of a light signal
potential Vsig(FD21) at the tloating diffusion FD21 of the

pixel Pixel21 on which the itense light i1s incident. For this
reason, the amplification transistor M321 1s turned OFF and,
as shown 1n the following equation (20), a light signal poten-
tial Vsig(V2) on the vertical signal line V2 attains the ground
level.

Vsig(V2)=0 (20)

Since the bias current transistor M42 1s thereby turned
OFF, the value of current flowing onto a ground wiring to
which the source of the bias current transistor M41 1s con-
nected changes so that a source potential of the bias current
transistor M41 1s also changed due to the effect of resistance
component occurring on the ground wiring. The bias current
Ibias (¢ CTL: L level) of the bias current transistor M41
however 1s not atfected by the change 1n the source potential,
since 1t 1s determined by the potential difference between the
two ends of the hold capacitor C41 which 1s connected
between its source and gate. In other words, since the gate-
side potential of the hold capacitor C41 changes 1n accor-
dance with change 1n the source-side potential, the voltage
difference between the two ends or the source-side terminal
and the gate-side terminal of the hold capacitor C41 attains a
constant value.

For this reason, the light signal potential Vsig(V1) on the
vertical signal line V1 of the pixel Pixelll on which light 1s
scarcely incident does not change even when an intense light
1s incident on the pixel Pixel21. These light signal potentials
Vsig(V1)and Vsig(V2) on the vertical signal lines V1 and V2
are respectively subjected to differential processing with reset
potential at the noise suppressing section 6 whereby difier-
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ence signals Vsub(V1) and Vsub(V2) corresponding to 1nci-
dent light are obtained as shown 1n the following equations

(21), (22).

Vsub(V1) = Vsig(V1)— Vres(V1) =0 (21)

Vsub(V2) = Vsig(V2) — Vies(V?2) (22)
(VDD -VGS(M321)+ AVGS(M321) +
T AVGS(M321)Yx{CGS(M321)/C(FD21)}]

As 1s apparent from equation (21), even when an 1ntense
light 1s incident on the pixel Pixel21 so that the vertical signal
line V2 attains the ground level, an occurrence of the white
transverse stripe can be suppressed because the bias current of
the bias current transistor M41 1s a constant value Ibias (¢
CTL: L level). Subsequently, the row select transistors M411
and M421 are turned OFF by bringing the row select control
signal ¢ SEL1 to L level so as to disconnect the first row pixels
Pixelll and Pixel21 respectively from the vertical signal lines

V1 and V2. At the same time, the bias sampling control signal
¢ CTL 1s dniven to H level so as to make the bias setting
voltage Vbias be sampled again at the hold capacitors C41
and C42.

Thus with the present embodiment, even when a vertical
signal line of pixel column on which an intense light 1s 1nci-
dent attains a ground level, an occurrence of the white trans-
verse stripe can be suppressed because the bias current of the
other pixel columns does not change. In addition, since the
reset potential of floating diffusion can be ascended, 1t 1s
possible to meet a further lowering 1n voltage of the pixel
power supply voltage VDD. It 1s to be noted that various
modifications of the present embodiment are possible. For
example, the types of bias circuits as shown 1n FIG. 5 as well
as 1n FIGS. 7 and 8 may also be used as the sample-and-hold
type bias section 9.

Embodiment 5

A fifth embodiment of the invention will now be described.
FIG. 13 1s a block diagram schematically showing construc-
tion of the fifth embodiment of the solid-state imaging appa-
ratus using amplified MOS sensor according to the mnvention.
The solid-state 1maging apparatus according to the present

embodiment uses a DMOS (Depletion type MOS) type bias
section instead of the sample-and-hold type bias section 1n the
first embodiment shown 1n FIG. 2. It includes: a pixel section
2 having pixel cells 1 two-dimensionally arranged into rows
and columns; a vertical scanning section 3 for selecting a row
to be read out of the pixel section 2; vertical signal lines V1 to
Vn for outputting pixel signal by the unit of column from the
pixel section 2; a DMOS type bias section 19 connected to the
vertical signal lines V1 to Vn for supplying a bias current to
the pixel section 2; anoise suppressing section 6 for suppress-
ing noise of the pixel signals outputted onto the vertical signal
lines V1 to Vn; a horizontal scanning section 7 for selecting a
column to be read out of the noise suppressing section 6; a
horizontal signal line 8 for outputting a signal from the noise
suppressing section 6; and a control section 12 for controlling
the vertical scanming section 3, the DMOS type bias section
19, the noise suppressing section 6, and the horizontal scan-
ning section 7.

FI1G. 14 1s a circuit diagram specifically showing construc-
tion of the portion of the pixel section 2, the vertical scanning,
section 3, the DMOS type bias section 19, and the vertical
signal lines V1 to V3 in the fifth embodiment shown 1n FIG.
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13. It 1s to be noted that like components as those 1n the
prior-art example shown 1in FIG. 1 are denoted by like refer-
ence symbols. The portion of the circuit construction shown
in FIG. 14 includes: a pixel section 2 where pixel cells 1 are
disposed 1nto rows and columns so as to result a 3-row by
3-column arrangement; a vertical scanning section 3 for
selecting a row to be read out of the pixel section 2; vertical
signal lines V1 to V3 for outputting pixel signals by the unit of
column from the pixel section 2; and the DMOS type bias
section 19 connected to the vertical signal lines V1 to V3 for
supplying a bias current to the pixel section 2.

The construction of the pixel cell 1, the pixel section 2, and
the vertical scanning section 3 1s similar to the prior-art
example shown 1n FIG. 1 and will not be described. The
DMOS type bias section 19 includes: DMOS transistors for
bias current M44 to M46; a reference voltage terminal Vret;
gate switches SW41 to SW43 for switching the connection of
the gate of the bias current DMOS transistor M44 to M46
between the reference voltage terminal Vrel and the source;
and a gate-switch control signal ¢ G-CTL for switching the
gate switches. The bias current when the gate of the DMOS
transistor M44 to M46 and the reference voltage terminal
Vret are connected 1s supposed as Ibias (¢ G-CTL: L level)
and the bias current when the gate and the source of the bias
current DMOS transistor M44 to M46 are connected to each
other as Ibias (¢ G-CTL: H level). Here, the bias current Ibias
(¢ G-CTL: H level) at the time of connecting between the gate
and source of the bias current DMOS transistor M44 to M46
1s determined by regulating a threshold characteristic of the
DMOS transistor M44 to M46 in the manufacturing process.
It 1s to be noted that Ibias (¢ G-CTL: H level) and Ibias (¢
G-CTL: L level) are set so that Ibias (¢ G-CTL: H level) 1s
smaller. Further, the gate-switch control signal ¢ G-CTL 1s
outputted from the control section 12.

FIG. 15 schematically shows a drive timing to explain an
operation of the fifth embodiment using the DMOS type bias
section 19 shown i FIG. 14. A description will be given
below with respect to the operation of a case where a first
pixel row from the upper side of the pixel section 2 1s selected
by the vertical scanning section 3, and an intense light 1s
incident only on the pixel Pixel21 while light 1s scarcely
incident on the pixels Pixell1 and Pixel31. Since, 1n this case,
the conditions of the pixels Pixelll and Pixel31 are substan-
tially the same, the operation of the pixels Pixelll and
Pixel21 will be described. Initially, an advance reset where
accumulated electric charges at the photodiodes PD11 and
PD12 of the pixels Pixell1 and Pixel21 are previously reset 1s
performed.

At first, the row select transistors M411 and M421 are
turned ON by driving the row select control signal ¢ SEL1 to
H level so as to connect the first row pixels Pixelll and
Pixel21 respectively to the vertical signal lines V1 and V2.
The gate switches SW41 and SW42 are then switched to the
side of the reference voltage terminal Vrel by bringing the
gate-switch control signal ¢ G-CTL to L level whereby the
bias current of the bias current DMOS transistor M44 and
Md4S 1s set to Ibias (¢ G-CTL: L level). At the same time, the
reset transistors M211 and M221 are turned ON by driving
the reset signal ¢ RS1 to H level. The electric charges accu-
mulated at the photodiodes PD11 and PD21 are thereby reset
and at the same time the floating diffusions FD11 and FD21
are reset to the pixel power supply voltage VDD.

Subsequently, the reset transistors M211 and M221 are
turned OFF by returning the reset signal ¢ RS1 to L level so as
to bring the floating diffusions FD11 and FD21 into high
impedance state. At this time, of the pixels Pixelll and
Pixel21, the reset signal potentials Vres(FD11) and Vres
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(FD21) of the floating diffusions FD11 and FD21 both attain
the pixel power supply potential VDD. Accordingly, the reset
signal potentials Vres(V1) and Vres(V2) onthe vertical signal

lines V1 and V2 are obtained as 1n the following equations
(23), (24).

Vies(V1)=Vres(FD11)-VGS(M311)=VDD-VGS

(M311) (23)
Vies(V2)=Vres(FD21)-VGS(M321)=VDD-VGS
(M321)' (24)

where VGS(M311)' and VGS(M321)' are gate-source volt-
ages when the bias current Ibias (¢ G-CTL: L level) tlows into
the amplification transistors M311 and M321.

Next, the gate switches SW41 and SW42 are switched to
the source side by driving the gate switch control signal ¢
G-CTL to H level so that the bias currents of the bias current
DMOS transistors M44 and M45 are set to Ibias (¢ G-CTL: H
level). Here, supposing A Ibias as a bias current difference at
cach DMOS ftransistor M44 and M45 between the case of
bringing the gate switch control signal ¢ G-CTL to L level and
the case of driving the gate switch control signal ¢ G-CTL to
H level, the bias currents flowing into the amplification tran-
sistors M311 and M321 are respectively reduced by A Ibias
when the gate switch control signal ¢ G-CTL 1s driven to H
level. The gate-source voltages of the amplification transis-
tors M311 and M321 are thereby respectively reduced by A

VGS(M311) and A VGS(M321) so that the vertical signal
lines V1 and V2 are respectively increased by amount corre-
sponding to A VGS(M311) and A VGS(M321).

At this time, since the tfloating diffusion FD11 1n its high-
impedance state 1s capacity-coupled to the vertical signal line
V1 by the gate-source capacitance CGS(M311) of the ampli-
fication transistor M311, it 1s affected by the increase A VGS
(M311) on the vertical signal line V1. Accordingly, the reset
potential Vres(FD11) of the floating diffusion FDI11 1s
increased by A V(FD11) as shown in the following equation

(25).
Vres(FD11) = VDD + AV(FD11) (25)
= VDD + AVGS(M311)
{CGS(M311)/C(FD11))
C(FD11) = CJ(PD11) + CGS(M211) + (20)

CJ(M211) + CGD(M311) + CGS(M311)

Here, as shown in the above equation (26), C(FD11) 1s a
total of the capacitance components occurring at the floating,
diffusion FD11: CJ(PD11) 1s a junction capacitance of the
photodiode PD11; CGS(M211) a gate-source capacitance of
the reset transistor M211: CJ(M211) a source junction
capacitance of the reset transistor M211; CGD(M311) a gate-
drain capacitance of the amplification transistor M311; and
CGS(M311) a gate-source capacitance of the amplification
transistor M311.

Further, since the floating diffusion FD21 1s capacity-
coupled to the vertical signal line V2 by the gate-source
capacitance CGS(M321) of the amplification transistor
M321, 1t 1s affected by the increase A VGS(M321) on the
vertical signal line V2. Accordingly, the reset potential Vres
(FD21) of the floating diffusion FD21 is increased by A
V(FD21) as shown 1n the following equation (27).
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Vres(FD21) = VDD + AV(FD21) (27)
= VDD + AVGS(M?321) X
{CGS(M321)/C(FD21)}
C(FD21)= CJ(PD21) + CGS(M221) + (28)

CJ(M221) + CGD(M321) + CGS(M?321)

Here, as shown 1n the above equation (28), C(FD21) 1s a
total of the capacitance components occurring at the floating
diffusion FD21: CJ(PD21) 1s a junction capacitance of the
photodiode PD21; CGS(M221) a gate-source capacitance of
the reset transistor M221: CIJ(M221) a source junction
capacitance of the reset transistor M221; CGD(M321) a gate-
drain capacitance of the amplification transistor M321; and
CGS(M321) a gate-source capacitance of the amplification
transistor M321.

Subsequently, the row select transistors M411 and M421
are turned OFF by bringing the row select control signal ¢
SEL1 to L level so as to disconnect the first row pixels Pixelll
and Pixel21 respectively from the vertical signal lines V1 and
V2. The advance reset operation of the photodiodes PD11 and
PD12 1s ended by the above operation.

Next, light signal outputs accumulated at the photodiodes
PD11 and PD12 of the pixels Pixelll and Pixel21 are
obtained. At first, the row select transistors M411 and M421
are turned ON by driving the row select control signal ¢ SEL1
to H level so as to connect the first row pixels Pixelll and
Pixel21 respectively to the vertical signal lines V1 and V2. At
this time, since H level of the gate-switch control signal ¢
(G-CTL 1s continued, the bias current DMOS transistors M44
and M45 remain 1n the condition of their respective gate and
source being connected, and supply a bias current Ibias (¢
G-CTL: H level).

A light signal potential Vsig(FD11) at the floating difiu-
sion FD11 of the pixel Pixelll on which light i1s scarcely
incident attains the value shown in the equation (25) that 1s a
reset level. Accordingly, a light signal potential Vsig(V1) on
the vertical signal line V1 1s obtained as 1n the following
equation (29).

Vsig(V1) = Vres(FD11) — VGS(M311) (29)

= VDD +AV(FD11) - VGS(M311)

where VGS(M311) 1s a gate-source voltage of the amplifica-
tion transistor M311 when a bias current Ibias (¢ G-CTL: H
level) flows 1nto the amplification transistor M311.

A significant potential change A V occurs and 1t falls sub-
stantially to a ground level, on the other hand, of a light signal
potential Vsig(FD21) at the floating diffusion FD21 of the
pixel Pixel21 on which the mtense light 1s mncident. For this
reason, the amplification transistor M321 1s turned OFF so
that a light signal potential Vsig(V2) on the vertical signal line

V2 attains the ground level as shown 1n the following equa-
tion (30).

Vsig(V2)=0

Since the bias current DMOS transistor M45 1s thereby
turned OFF, the current value flowing onto a ground wiring
changes. A source potential of the bias current DMOS tran-
sistor M44 1s then also changed due to the effect of resistance

component that occurs on the ground wiring. The bias current
Ibias (¢ G-CTL: H level) of the bias current DMOS transistor
Md4 of which gate and source are connected to each other

(30)
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however 1s not affected by the change 1n the source potential,
since 1t 1s determined by a threshold voltage of the bias
current DMOS transistor Md44. For this reason, the light sig-

nal potential Vsig(V1) on the vertical signal line V1 of the
pixel Pixelll on which light 1s scarcely incident does not
change even when the intense light 1s incident on the pixel
Pixel21. At this time, the light signal potentials Vsig(V1) and
Vsi1g(V2) on the vertical signal lines V1 and V2 are then
temporarily stored respectively at the noise suppressing sec-
tion 6.

Finally, reset outputs of resetting accumulated electric
charges of the photodiodes PD11 and PD12 are obtained from
the pixels Pixelll and Pixel21. This operation 1s identical to
the advance reset and a detailed description of the operation
will be omitted. The reset signal potentials Vres(FD11) and
Vres(FD21) of the floating diffusions FD11 and FD21 at the
end attain the values shown 1n the above equations (25) and
(27). Accordingly, the reset signal potentials Vres(V1) and
Vres(V2) on the vertical signal lines V1 and V2 are respec-
tively obtained as in the following equations (31), (32).

Vres(V1) = Vres(FD11)- VGS{(M311)
=VDD+ AV(FDI11)- VGS(M311)

(31)

Vies(V2) = Vres(FD21) - VGS(M321)
= VDD + AV(FD21)- VGS(M321)

(32)

where VGS(M311) and VGS(M321) are gate-source voltages
when the bias current Ibias (¢ G-CTL: H level) tlows into the
amplification transistors M311 and M321.

These reset signal potentials Vres(V1) and Vres(V2) on the
vertical signal lines V1 and V2 are subjected to differential
processing respectively with light signal potentials Vsig(V1)
and Vsig(V2) at the noise suppressing section 6 so that dii-
terence signal outputs Vsub(V1) and Vsub(V2) correspond-
ing to incident light are respectively obtained as 1n the fol-
lowing equations (33), (34).

Vsub(V1) = Vres(V1) — Vsig(V1) =0 (33)
Vsub(V2) = Vres(V2) — Vsig(V2) (34)
= VDD + AV(FD21)-VGS(M321)

As 1s apparent from equation (33), even when an 1ntense
light 1s incident on the pixel Pixel21 so that an output level on
the vertical signal line V2 attains that of the ground, an occur-
rence of the white transverse stripe can be suppressed because
the bias current of the bias current DMOS transistor M44 1s a
constant value Ibias (¢ G-CTL: H level). Subsequently, the
row select transistors M411 and M421 are turned OFF by
bringing the row select control signal ¢ SEL1 to L level so as
to disconnect the first row pixels Pixell1 and Pixel21 respec-
tively from the vertical signal lines V1 and V2.

Thus with the present embodiment, even when an output
level of the vertical signal line of a pixel column on which an
intense light 1s incident attains a ground level, an occurrence
of the white transverse stripe can be suppressed because the
bias current of the other pixel columns does not change. In
addition, since the output level of the vertical signal line can
be lowered to the ground level, 1t 1s also possible to meet a
lowering 1n voltage of the pixel power supply voltage VDD.
In addition, since the reset potential of tloating diffusion can
be ascended, i1t 1s possible to meet a further lowering in
voltage of the pixel power supply voltage VDD.
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It 1s to be noted that various modifications of the present
embodiment are possible. For example, a cascode type circuit
as shown 1n FIG. 16 A can also be used as the DMOS type bias
section 19. In the modification shown 1n FIG. 16 A, transistors
for cascode M47 to M49 having a gate connected to a cascode
voltage terminal Vcas are connected to the drain side of the
bias current DMOS transistors M44 to M46 shown 1in FIG. 14.
The bias currents Ibias (¢ G-CTL: L level) and Ibias (¢
G-CTL: H level) are then supplied onto the vertical signal
lines V1 to V3 through the cascode transistors M47 to M49.
An output resistance from the drain side of the cascode tran-
sistor M47 to M49 1s thereby increased so that constant cur-
rent characteristics of the bias currents Ibias (¢ G-CTL: L
level) and Ibias (¢ G-CTL: H level) are improved. Further as
shown 1n FIG. 16B, the connecting point of the gate switch
SW41 to SW43 toward the source side of the bias current
DMOS transistor M44 to M46 may be formed 1n the vicinity
of the ground wiring.

Embodiment 6

A sixth embodiment of the invention will now be
described. FIG. 17A 1s a circuit diagram showing construc-
tion of a main portion 1n the sixth embodiment of the solid-
state imaging apparatus using amplified MOS sensor accord-
ing to the invention. The sixth embodiment 1s achieved by
changing the construction of the DMOS type bias section 19
in the fitth embodiment. The DMOS type bias section 19
according to this embodiment shown 1n FIG. 17A includes:
bias current DMOS transistors M61 to M66; drain switches
SW61 to SW63 for controlling connection of the drain termi-
nal of the bias current DMOS transistor M64 to M66; and a
drain switch control signal ¢ D-CTL for switching/control-
ling the drain switch. It 1s to be noted that the bias current
DMOS transistors M61 to M63 and the bias current DMOS

transistors M64 to M66 are respectively connected 1n parallel
through the drain switches SWé61 to SW63.

Here, the transistor sizes of the bias current DMOS tran-
sistors M61 to M66 are all the same, and a bias current Ibias
1s determined by regulating a threshold voltage 1n the manu-
facturing process. Further, 1t 1s supposed that the drain
switches SW61 to SW63 are turned ON and the bias current
Ibias (¢ D-CTL: L level) on the vertical signal lines V1 to V3
attains 2xIbias when the drain switch control signal ¢ D-CTL
1s brought to L level, and that the drain switches SWé1 to
SW63 are turned OFF and the bias current Ibias (¢ D-CTL: H
level) on the vertical signal lines V1 to V3 attains Ibias when
the drain switch control signal ¢ D-CTL 1s driven to H level.
A drive timing chart for explaining operation of thus con-
structed DMOS type bias section 1s shown 1n FIG. 17B. The
only change in the drive operation of this embodiment as
shown 1n FI1G. 17B from the drive timing of the fifth embodi-
ment shown 1n FIG. 13 1s from the gate switch control signal
¢ G-CTL to the drain switch control signal ¢ D-CTL; the rest
of the drive timings 1s 1dentical and will not be described 1n
detail.

Thus with the present embodiment, even when an output
level of the vertical signal line of a pixel column on which an
intense light 1s incident attains a ground level, an occurrence
of the white transverse stripe can be suppressed because the
bias current of the other pixel columns does not change. In
addition, since the reset potential of floating diffusion can be
ascended, it 1s possible to meet a further lowering in voltage
of the pixel power supply voltage VDD. Further, the circuit
construction of the DMOS bias section becomes simpler

because the reference voltage terminal VREF 1s unnecessary.
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It 1s to be noted that various modifications are possible also
of the present embodiment. For example, similar advantages

are obtained also when the gate of the DMOS transistors M61
to M66 are respectively connected to a source wiring instead
of directly connecting the gate to the source. Further, similar

advantages are obtaimned also when the transistor size is
changed between the DMOS transistors M61 to M63 and the

DMOS transistors M64 to M66.

Embodiment 7

A seventh embodiment of the ivention will now be
described. FIG. 18 1s a circuit diagram showing construction
of the seventh embodiment of the solid-state 1imaging appa-
ratus using amplified MOS sensor according to the invention
where the construction of the pixel cell and the vertical scan-
ning section 1s changed from the fifth embodiment shown in
FIG. 14. The circuit diagram shown in FIG. 18 1s to explain
the construction of a pixel section 2, a vertical scanning,
section 11, a DMOS type bias section 19, and vertical signal
lines V1 to V3, where like components as 1n the fifth embodi-
ment shown 1n FIG. 14 are denoted by like reference symbols.
A pixel cell 10, when the pixel cell Pixell1 1s taken, includes:
a photodiode PD11 that 1s a photoelectric conversion section;
a tloating diffusion FD11 for converting electric charges
accumulated at the photodiode PD11 1nto a voltage; a transfer
transistor M111 for transterring electric charges from the
photodiode PD11 to the floating diffusion FD11; a reset tran-
sistor M211 for resetting the floating diffusion FD11 to a
pixel power supply voltage VDD); an amplification transistor
M311 for amplifying the voltage of the floating diffusion
FD11; and a row select transistor M411 for selecting the
pixels of each row.

The pixel section 2 1n this case 1s shown as placing the pixel
cells 10 side by side mto 3 rows by 3 columns. The vertical
scanning section 11 outputs: transier control signals ¢ TX1 to
¢ TX3 for controlling the transter transistors M111 to M133;
reset control signals ¢ RS1 to ¢ RS3 for controlling the reset
transistors M211 to M233; and row select control signals ¢
SEL1 to ¢ SEL3 for controlling operation of the row select
transistors M411 to M433.

FIG. 19 schematically shows a drive timing to explain an
operation of the seventh embodiment using the DMOS type
bias section 19. Here, the operation 1s shown of the case
where a first pixel row from the upper side of the pixel section
2 1s selected by the vertical scanning section 11, and an
intense light 1s incident only on the pixel Pixel21 while light
1s scarcely 1incident on the pixels Pixelll and Pixel31. Since,
in this case, the conditions of the pixels Pixelll and Pixel31
are substantially the same, the operation of the pixels Pixelll
and Pixel21 will be described. Initially, accumulated electric
charges at the floating diffusions FD11 and FDD12 are reset. At
first, the row select transistors M411 and M421 are turned ON
by driving the row select control signal ¢ SEL1 to H level so
as to connect the first row pixels Pixell1 and Pixel21 respec-
tively to the vertical signal lines V1 and V2. The gate switches
SW41 and SW42 are then switched to the side of the reference
voltage terminal VREF by bringing the gate-switch control
signal ¢ G-CTL to L level whereby the bias currents of the
bias current DMOS transistors M44 and M45 are set to Ibias
(¢ G-CTL: L level). At the same time, the reset transistors
M211 and M221 are turned ON by driving the reset signal ¢
RS1 to H level so as to reset the tloating diffusions FD11 and
FID21 to the pixel power supply voltage VDD.

Subsequently, the reset transistors M211 and M221 are
turned OFF by returning the reset signal ¢ RS1 to L level so as
to bring the floating diffusions FD11 and FD21 into high
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impedance state. At this time, the reset signal potentials Vres
(FD11) and Vres(FD21) of the floating diffusions FD11 and
FD21 attain the pixel power supply potential VDD. Accord-
ingly, the reset signal potentials Vres(V1) and Vres(V2) on
the vertical signal lines V1 and V2 are obtained respectively
as 1n the following equations (35), (36).

Vies(V1)=Vres(FD11)-VGS(M311)=VDD-VGS

(M311)" (35)
Vies(V2)=Vres(FD21)-VGS(M321)=VDD-VGS
(M321)" (36)

Where VGS(M311)' and VGS(M321)' are gate-source
voltages when the bias current Ibias (¢ G-CTL: L level) tlows
into the amplification transistors M311 and M321. Further,
the gate switches SW41 and SW42 are switched to the source
side by driving the gate switch control signal ¢ G-CTL to H
level so that the bias currents of the bias current DMOS
transistors M44 and M45 are set to Ibias (¢ G-CTL: H level).

Here, supposing a bias current difference A Ibias at each
bias current DMOS ftransistor M44 and M45 as A
Ibias=Ibias(¢p G-CTL: L)-Ibias(¢ G-CTL: H), the bias cur-
rents tflowing into the amplification transistors M311 and
M321 are respectively reduced by A Ibias. The gate-source
voltages VGS(M311) and VGS(M321) of the amplification
transistors M311 and M321 are thereby respectively reduced
by A VGS(M311) and A VGS(M321) so that the vertical
signal lines V1 and V2 are increased respectively by amount
corresponding to A VGS(M311) and A VGS(M321).

At this time, since the floating diftusion FD11 1n 1ts high-
impedance state 1s capacity-coupled to the vertical signal line
V1 by the gate-source capacitance CGS(M311) of the ampli-
fication transistor M311, it 1s affected by the increase A VGS
(M311) on the vertical signal line V1. Accordingly, the reset
potential Vres(FD11) of the floating diffusion FDI11 1s
increased by A V(FD11) as shown 1n the following equation

(37).

Vres(FD11) = VDD + AV(FDI11) (37)
= VDD + AVGS(M311) x
{CGS(M311)/C(FD11))
C(FDID)=CGS(IM11D+ CI(M11D) + (38)

CGS(M211) + CJ(M211) + CGD(M311) + CGS(M311)

Here, as shown in the above equation (38), C(FD11) 1s a
total of the capacitance components occurring at the floating
diffusion FD11: CGS(M111) 1s a gate-source capacitance of
the transfer transistor M111; CJ(M111) a source junction
capacitance of the transier transistor M111; CGS(M211) a
gate-source capacitance of the reset transistor M211:
CJ(M211) a source junction capacitance of the reset transistor
M211; CGD(M311) a gate-drain capacitance of the amplifi-
cation transistor M311; and CGS(M311) a gate-source
capacitance of the amplification transistor M311.

Further, since the floating diffusion FDD21 1n its high-1m-
pedance state 1s capacity-coupled to the vertical signal line V2
by the gate-source capacitance CGS(M321) of the amplifica-
tion transistor M321, 1t 1s affected by the increase A VGS
(M321) on the vertical signal line V2. Accordingly, the reset

potential Vres(FD21) of the floating diffusion FD21 1s
increased by A V(FD21) as shown 1n the following equation
(39).
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Vres(FD21) = VDD + AV(FD21) (39)
= VDD + AVGS(M321) X
{CGS(M321)/C(FD21))
C(FD21) = CGS(M 121D + CJ(M121) + (40)

CGS(M221) + CJ(M221) + CGD(M?321) + CGS(M?321)

Here, as shown 1n the above equation (40), C(FD21) 1s a
total of the capacitance components occurring at the floating,
diffusion FD21: CGS(M121) 1s a gate-source capacitance of
the transfer transistor M121; CI(M121) a source junction
capacitance of the transier transistor M121; CGS(M221) a
gate-source capacitance of the reset transistor M221:
CJ(M221) a source junction capacitance of the reset transistor
M221; CGD(M321) a gate-drain capacitance of the amplifi-
cation transistor M321; and CGS(M321) a gate-source
capacitance of the amplification transistor M321.

Accordingly, the reset signal potentials Vres(V1) and Vres
(V2) on the vertical signal lines V1 and V2 corresponding to
the pixel Pixelll on which light 1s scarcely incident and the
pixel Pixel21 on which an intense light 1s incident are respec-
tively obtained as in the following equations (41), (42).

Vies(V1)= Vres(FD11)- VGS(M311)
=VDD+ AV(FDI11)- VGS(M311)

(41)

Vies(V2) = Vres(FD21) — VGS(M321) + AVGS(M321)
— VDD + AV(FD21) — VGS(M321)

(42)

where VGS(M311) and VGS(M321) are respectively gate-

source voltages when the bias current Ibias (¢ G-CTL: H
level) tlows into the amplification transistors M311 and
M321. At this time, the reset signal potentials Vres(V1) and
Vres(V2) on the vertical signal lines V1 and V2 are respec-
tively temporarnly stored at the noise suppressing section 6.
Next, light signal outputs accumulated at the photodiodes

PD11 and PD12 of the pixels Pixelll and Pixel21 are

obtained. At first, in the condition where the first row pixels
Pixelll and Pixel21 are respectively connected to the vertical
signal lines V1 and V2 with continuing H level of the row
select control signal ¢ SEL1, the transfer transistors M111
and M121 are turned ON by driving the transier control signal
¢ TX1 to H level to thereby transier electric charges accumu-
lated at the photodiodes PD11 and PD12 to the floating dii-
tusions FD11 and FD21. Subsequently, the transfer transis-
tors M111 and M121 are turned OFF by bringing the transier
control signal ¢ TX1 back to L level. At this time, since H
level of the gate switch control signal ¢ G-CTL 1s continued,
the bias current DMOS transistors M44 and M45 continue to
generate the bias current Ibias (¢ G-CTL: H level).

A light signal potential Vsig(FD11) at the floating diffu-
sion FD11 of the pixel Pixelll on which light i1s scarcely
incident attains the value shown 1n the equation (37) that 1s a
reset level. A significant potential change AV occurs, on the
other hand, of a light signal potential Vsig(FD21) at the
floating diffusion FD21 of the pixel Pixel21 on which the
intense light 1s 1ncident, and 1ts potential Vsig(FD21) falls
substantially to a ground level. For this reason, the amplifi-
cation transistor M321 1s turned OFF so that a light signal
potential Vsig(V2) on the vertical signal line V2 attains the
ground level as shown 1n the following equation (43).

Vsig(V2)=0 (43)

5

15

20

25

30

35

40

45

50

55

60

65

24

Since the bias current DMOS transistor M42 1s thereby
turned OFF, a current value flowing onto a ground wiring to
which the source of the bias current DMOS transistor M41 1s
connected changes. A source potential of the bias current
DMOS transistor M44 1s then also changed due to the effect
ol resistance component that occurs on the ground wiring.
The bias current Ibias (¢ G-CTL: H level) of the bias current
DMOS transistor M44 however 1s not affected by the change
in the source potential, since it 1s determined by the threshold
value. For this reason, the light signal potential Vsig(V1) on
the vertical signal line V1 of the pixel Pixelll on which light
1s scarcely incident does not change even when the intense
light 1s 1incident on the pixel Pixel21.

These light signal potentials Vsig(V1) and Vsig(V2) on the
vertical signal lines V1 and V2 are respectively subjected to
differential processing with reset potentials Vres(V1) and
Vres(V2) at the noise suppressing section 6 so that difference
signals Vsub(V1) and Vsub(V2) corresponding to incident

light are obtained respectively as shown in the following
equations (44), (45).

Vsub(V1) = Vsig(V1) - Vres(V1) =0 (44)

Vsub(V2) = Vsig(V1) — Vres(V1)
= —{VDD+ AV(FD21) - VGS(M321)}

(45)

As 1s apparent from equation (44), even when an intense
light 1s incident on the pixel Pixel21 so that an output level of
the vertical signal line V2 attains the ground level, an occur-
rence of the white transverse stripe can be suppressed because
the bias current of the bias current DMOS transistor M44 1s a
constant value Ibias (¢ G-CTL: H level). Subsequently, the
row select transistors M411 and M421 are turned OFF by
bringing the row select control signal ¢ SEL1 to L level so as
to disconnect the first row pixels Pixelll and Pixel21 respec-
tively from the vertical signal lines V1 and V2.

Thus with the present embodiment, even when an output
level of the vertical signal line of pixel column on which an
intense light 1s incident attains a ground level, an occurrence
of the white transverse stripe can be suppressed because the
bias current of the other pixel columns does not change. In
addition, since the reset potential of tloating diffusion can be
ascended, it 1s possible to meet a further lowering in voltage
ol the pixel power supply voltage VDD. It 1s to be noted that
various modifications are possible also of the present embodi-

ment. For example, the types of circuits shown in FIGS. 16 A,
16B and FIG. 17A may be used as the DMOS type bias
section 19.

Embodiment 8

An eighth embodiment of the invention will now be
described. FIG. 20A 1s a circuit diagram showing a main
portion of the eighth embodiment of the solid-state imaging
apparatus using amplified MOS sensor according to the
invention. In the present embodiment, the construction of
DMOS type bias section 19 1s changed from the embodiment
7 shown 1 FIG. 18. In the DMOS type bias section 19
according to the present embodiment as shown in FIG. 20A,
bias switches SW71 to SW73 for respectively connecting the
bias current DMOS transistor M44 to M46 to the vertical
signal line V1 to V3 and a bias switch control signal ¢ BIAS
for switching/controlling ON/OFF of the bias switches SW71
to SW73 are added to the DMOS type bias section 1n the
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seventh embodiment shown in FI1G. 18. The bias switch con-
trol signal ¢ BIAS 1s driven in the manner of a pulse to reduce
unnecessary bias currents.

Drive timing for explaining operation of thus constructed
cighth embodiment i1s shown 1n FIG. 20B. It 1s the same
operation as the drive timing of the seventh embodiment
shown 1n FIG. 19 except that the bias switch control signal ¢
BIAS 1s driven 1n the manner of a pulse, and will not be
described in detail. Thus with the present embodiment, even
when an output level ol the vertical signal line of pixel column
on which an intense light 1s incident attains a ground level, an
occurrence ol the white transverse stripe can be suppressed
because the bias current of the other pixel columns does not
change. In addition, since the reset potential of tloating dii-
fusion can be ascended, 1t 1s possible to meet a further low-
ering in voltage of the pixel power supply voltage VDD.
Furthermore, a reduced power use can be achieved, since 1t 1s
possible to cause the bias current to flow only 1n those periods
where 1t 1s necessary (periods from the attaining of H level of
reset control signal ¢ RS1 to the attaining of H level of the
transier control signal ¢ TX1, and from the attaining of L level
of the transter control signal ¢ TX1 to the attaining of L level
of the row select control signal ¢ SEL1).

It 1s to be noted that various modifications are possible also

of the present embodiment. For example, 1t may be combined
with the DMOS type bias section shown 1n FIGS. 16 A, 16B

and 17A.

The circuit construction and drive method of the present
invention may be variously modified without departing from
the scope of appended claims. For example, even when the
constituent components and drive method of the unit pixel 1s
changed, 1t can be met by changing the circuit construction
and/or drive method of the vertical scanming section, the
sample-and-hold type bias section, or the DMOS type bias
section.

According to the first and second aspects of the invention as
has been described by way of the above embodiments, even
when a potential of a vertical signal line connected to any
specific pixel column significantly falls due to an incidence of
intense light on pixel, an occurrence of the white transverse
stripe can be suppressed because the other pixel columns are
not atfected. According to the third aspect: even when an
output level of a vertical signal line connected to any specific
pixel column significantly falls due to an incidence of intense
light on pixel, an occurrence of the white transverse stripe can
be suppressed because the other pixel columns are not
alfected; and 1n addition, a simpler circuit construction can be
achieved. According to the fourth and fifth aspects: even
when an output level of a vertical signal line connected to any
specific pixel column significantly falls due to an incidence of
intense light on pixel, an occurrence of the white transverse
stripe can be suppressed because the other pixel columns are
not atfected; and in addition, there are many types that can be
used as the circuit construction. According to the sixth aspect:
even when an output level of a vertical signal line connected
to any specific pixel column significantly falls due to an
incidence of intense light on pixel, an occurrence of the white
transverse stripe can be suppressed because the other pixel
columns are not atfected; and 1n addition, a lower voltage can
be used as the pixel power supply voltage because an input
potential of the amplification means can be stepped up.
According to the seventh aspect: even when an output level of
a vertical signal line connected to any specific pixel column
significantly falls due to an incidence of intense light on pixel,
an occurrence of the white transverse stripe can be suppressed
because the other pixel columns are not affected; and in
addition, a variance in pixel signals can be suppressed
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because the pixel signals can be read out with using an equal
bias current over a plurality of rows.

According to the eighth aspect: even when an output level
ol avertical signal line connected to any specific pixel column
significantly falls due to an incidence of intense light on pixel,
an occurrence oi the white transverse stripe can be suppressed
because the other pixel columns are not atiected; and at the
same time, a lower voltage can be used as the pixel power
supply voltage. According to the ninth aspect: even when an
output level of a vertical signal line connected to any specific
pixel column significantly falls due to an 1incidence of intense
light on pixel, an occurrence of the white transverse stripe can
be suppressed because the other pixel columns are not
aifected; and 1n addition, a lower voltage can be used as the
pixel power supply voltage because an input potential on the
amplification means can be stepped up. According to the tenth
aspect, even when an output level of a vertical signal line
connected to any specific pixel column significantly falls due
to an incidence of intense light on pixel, an occurrence of the
white transverse stripe can be suppressed because the other
pixel columns are not aifected; and 1n addition, a lower volt-
age can be used as the pixel power supply voltage because an
input potential on the amplification means can be stepped up.
Further, the number of control terminals at the DMOS type
bias section can be reduced. According to the eleventh aspect,
even when an output level of a vertical signal line connected
to any specific pixel column significantly falls due to an
incidence of intense light on pixel, an occurrence of the white
transverse stripe can be suppressed because the other pixel
columns are not atfected; and 1n addition, a lower voltage can
be used as the pixel power supply voltage because an input
potential on the amplification means can be stepped up. Fur-
ther, 1t 1s possible to reduce a current consumed at the DMOS
type bias section.

What 1s claimed 1s:

1. A solid-state imaging apparatus comprising:

a pixel section having pixels two-dimensionally arranged
into rows and columns each pixel containing a photo-
clectric conversion means, an amplification means for
amplifying and outputting as pixel signal a signal elec-
tric charge of said photoelectric conversion means, and a
reset means for resetting signal electric charges accumus-
lated at said amplification means;

a vertical scanning section for selecting a row to be read out
of said pixel section;

a vertical signal line provided column by column for out-
putting the signal from said pixel section; and

a DMOS type bias section connected to said vertical signal
line having DMOS transistor for setting a bias current
flowing into said amplification means;

wherein said DMOS type bias section sets said bias current
for said amplification means to be smaller than a bias
current at the time of resetting said amplification means
when reading from said amplification means signal elec-
tric charges accumulated at said photoelectric conver-
sion means, and

wherein saild DMOS type bias has a switch means for
switching a connecting point of the gate of said DMOS
transistor to a first reference voltage or to a source side
wiring of said DMOS transistor so as to change the
connecting point of the gate of said DMOS transistor
from said first reference voltage to the source side wiring
with using said switch means after resetting of the signal
clectric charges inputted to said amplification means 1s
ended so that the bias current for said amplification
means 1s smaller when the gate of said DMOS transistor
1s connected to the source side wiring.
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2. A solid-state 1maging apparatus comprising:

a pixel section having pixels two-dimensionally arranged
into rows and columns each pixel containing a photo-
clectric conversion means, an amplification means for
amplifying and outputting as pixel signal a signal elec- 5
tric charge of said photoelectric conversion means, and a
reset means for resetting signal electric charges accumu-
lated at said amplification means;

a vertical scanning section for selecting arow to be read out
of said pixel section; 10

a vertical signal line provided column by column for out-
putting the signal from said pixel section; and

a DMOS type bias section connected to said vertical signal
line having DMOS ftransistor for setting a bias current
flowing into said amplification means; 15

wherein said DMOS type bias section sets said bias current
for said amplification means to be smaller than a bias
current at the time of resetting said amplification means
when reading from said amplification means the signal
clectric charges accumulated at said photoelectric con- 20
version means,

wherein said DMOS type bias section has a plurality of
parallel-connected DMOS transistors respectively con-
nected at gates and source side wirings to each of said
vertical signal lines so that the number of connected ones 25
of said DMOS transistors 1s reduced after resetting of
signal electric charges inputted to said amplification
means 1s ended.
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